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Abstract
We perform a joint analysis of the prediction of composite Higgs models for the dis-
crepancies of the forward-backward asymmetries of top and bottom quarks at Tevatron
and LEP+SLC, respectively. We build a two sector model which can be thought as an
effective low energy description of 5D warped models and choose the quantum numbers
of the fermionic resonances to protect the Z-couplings of the partially composite Stan-
dard Model light quarks. We analyze the cross section, forward-backward asymmetry
and invariant mass distribution of the top anti-top production at Tevatron, as well as
the bottom forward-backward asymmetry and the Z-branching fraction into b-quarks at
LEP and SLC, for the two sector model. In the region of the parameter space that nat-
urally leads to the Standard Model spectrum and solves the bottom anomaly, the model
improves the top forward-backward asymmetry, giving a prediction of up to 10%, and
predicts a small decrease of the tt¯ cross section. It also predicts non-universal corrections
of the Z-couplings to the light quarks of order 0.001.
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1 Introduction
The Standard Model (SM) describes with an outstanding level of accuracy the interactions
between the elementary particles up to the energies tested to date. However, there exist the-
oretical issues in considering the SM as a definitive theory valid above the TeV scale and it is
expected to find signals of physics beyond the SM at higher energies. One of the most attractive
ideas to solve the hierarchy problem as well as the fermionic hierarchy, is that the electroweak
(EW) scale is broken by a new strongly interacting sector. Since the SM masses arise from the
interactions with this new sector, the heavier SM particles couple stronger with it. Therefore,
we expect indirect new physics (NP) effects to manifest first associated with heavy SM particles,
being the third generation of quarks a potential window for discoveries.
In the last years, Tevatron, LEP and SLC have explored the EW scale showing some dis-
crepancies in observables related to the top and bottom quarks. In particular, a deviation from
the SM prediction has been measured in the forward-backward asymmetry of the top quark
at Tevatron [1, 2, 3], whereas a large deviation in the forward-backward asymmetry of the
bottom quark has been found at LEP and SLC [4]. These experimental results have motivated
several theoretical works which have addressed explanations of the anomalous measurements
within different NP models. On the one side, the top asymmetry excess has been investigated
through phenomenological analyses as well as in specific models [5]. On the other hand, the bot-
tom puzzle has been undertaken in different theoretical scenarios without considering possible
correlations with top quark physics [6].
An updated value of the forward-backward asymmetry of the top quark pair production in
the laboratory (pp¯) frame for an integrated luminosity of 5.3 fb−1 [1] has been recently reported
by the CDF collaboration:
App¯FB = 0.150± 0.050(stat)± 0.024(syst) . (1)
Even if this result is in more agreement with the SM than the previous measurements performed
by CDF and D0 [2, 3], it is still larger than the NLO QCD prediction App¯FB = 0.051±0.015 4 [7, 8]
by about a 1.7σ deviation.
The situation is slightly ameliorated for the forward-backward asymmetry in the center of
mass (tt¯) frame of the top pair. This asymmetry has been measured by CDF at 5.3 fb−1 [1]
and D0 at 4.3 fb−1 [9]. For the CDF result, Att¯FB = 0.158 ± 0.072(stat) ± 0.0017(syst), the
theoretical prediction at NLO in QCD, At¯tFB = 0.078(9) [7], is smaller by about a 1σ deviation.
The forward-backward asymmetry is zero in both reference frames at LO in QCD. Thus,
its origin in the SM has to be traced in the presence of asymmetric differential distributions
of t and t¯ at higher orders in QCD. Since the strong interaction is invariant under charge
conjugation, the forward-backward asymmetry is an equivalent measure of such asymmetric
distributions. In particular, AFB is generated at NLO by the interference of the Born amplitude
(quark annihilation) with box corrections and by the interference of initial and final state gluon
radiation amplitudes [7].
4A 30% uncertainty is assigned in this case to take into account NNLO QCD corrections [7].
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The CDF collaboration has published a combination of measurements of the top quark
pair production cross section (σtt¯) for the leptonic and hadronic channels with an integrated
luminosity of up to 4.6 fb−1 [10]
σtt¯(mt = 172.5GeV) = 7.50± 0.31(stat)± 0.34(syst)± 0.15(theo) pb . (2)
On the theoretical side, the SM prediction for σtt¯ at NLO is σtt¯ = 6.38
+0.3
−0.7(scale)
+0.4
−0.3(PDF) pb [11].
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On the other hand, the LEP observed values for the bottom quark forward-backward asym-
metry and the ratio of bb¯ to hadrons production are [4]
AFB = 0.0992± 0.0016 ,
Rb = 0.21629± 0.00066 . (3)
Although Rb is in very good agreement with the SM best fit, the measured value of the forward-
backward asymmetry is smaller than the SM prediction by about a 2.9σ deviation [13]. This
situation leads to a remarkable challenge: the potential existence of NP corrections significantly
affecting the asymmetry but negligibly contributing to Rb or, equivalently, shifting the ZbRb¯R
coupling by a relatively large correction of order ∼ δgbR ∼ 0.02 and the ZbLb¯L coupling by a
small correction of order ∼ δgbL ∼ 0.003 [14, 15].
Since bL and tL are in the same weak doublet, it is worthwhile to consider a joint analysis
of the top and bottom observables previously described. NP addressing the deviations on the
bottom AFB, can also induce important effects on the top sector, and vice versa, NP affecting
the top AFB measured at Tevatron, can induce large effects on the bottom sector. Therefore,
we will explore whether both effects can be simultaneously accomplished in composite Higgs
models.
In this work we present a two sector model [16] –which can be thought as a low energy
effective description of a 5D warped model– with an elementary sector describing the SM
fields, except the Higgs, and a new sector describing the lightest level of resonances of a strongly
coupled theory. We choose the global symmetries of the new sector and the quantum numbers
of the resonances that are able to accomplish the corrections in the top and bottom observables
previously discussed, while simultaneously minimizing the corrections for the light fermions.
Once the model is fixed, we compute the predictions for those observables and make simulations
to probe whether tree-level corrections are able to explain the unexpected central values of the
observed forward-backward asymmetries. Since the measured values of the total tt¯ cross section
depend on the final state considered in a given particular experimental analysis and we have
performed our simulations up to a parton-level tt¯ state, it is not aimed at accomplishing a
precise comparison between our predictions and experimental data on σtt¯, but the purpose is to
present rough results that show the tendency of the NP effects we have considered. Moreover,
since both CDF and D0 have measured the tt¯ invariant mass distribution [17, 18], we have also
included this observable in our analysis. We have also pursued to obtain the mass spectrum of
the quarks as well as the correct light-quark couplings to W and Z, as minimal requirements
to be satisfied by any consistent analysis.
5Corrections including NNLO order effects in σtt¯ have been studied in the Ref. [12].
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This work is organized as follows. In Sec. 2 we describe an effective two sector model, discuss
the fermion embedding and show the relation between the model and warped 5D theories. In
Sec. 3 we perform a parton-level analysis of the Tevatron observables, and the contributions to
the top AFB, in order to understand which is the best region of the parameter space for the top
observables. In Sec. 4 we make simulations with the computer program MadGraph/MadEvent
(MGME) [19] to generate many sets of event samples where the correlation between the mentioned
observables are subsequently studied. In Sec. 5 we discuss some achievements and limitations
of the model and compare our results with previous related works. Sec. 6 contains the final
remarks and conclusions.
2 The model
We will consider an effective description of composite Higgs models in terms of two sectors:
an elementary sector whose field content reproduces the SM fields, except for the Higgs boson,
and a new sector beyond the SM describing the strong dynamics responsible for EWSB. The
gauge couplings of the elementary sector, being approximately the SM couplings, are gel ∼
1. The interactions of the composite sector are strong, leading to bound composite states.
The resonances of the composite sector interact through residual interactions with couplings
1 < gcp < 4pi, and the lightest states are characterized by a mass scale M ∼ TeV. The Higgs
mass will be an exception, being determined by the dynamics responsible for EWSB. The full
Lagrangian is given by
L = Lel + Lcp + Lmix (4)
with Lel(Ael, ψelL , ψ˜elR) the usual SM Lagrangian describing the local [SU(3)c×SU(2)L×U(1)Y ]el
gauge symmetry and the three generations of massless quarks and leptons
Lel = −1
4
F el 2µν + ψ¯
el
L i6DψelL + ¯˜ψelRi6Dψ˜elR . (5)
We have omitted flavour indices for simplicity, as well as well as an index labeling quarks and
leptons. A sum over the elementary gauge symmetries is also understood.
The composite sector has a global [SU(3)c×SU(2)L×SU(2)R×U(1)X ]cp symmetry, with vec-
tor resonances in the adjoint representation and Y = T 3R + TX . The fermionic resonances fill
complete representations of the composite symmetry and the Higgs Σ = (H˜,H) transforms as
bidoublet of [SU(2)L×SU(2)R]cp, with the extra SU(2)cpR introduced to preserve the custodial
symmetry. We assume that the composite sector can be described at low energies by effective
fields that can create and destroy the resonances. At leading order the effective composite
Lagrangian is given by
Lcp = −1
4
F cp 2µν +
m2Acp
2
Acp 2µ + ψ¯
cp(i6Dcp −mψcp)ψcp + ¯˜ψcp(i6Dcp −mψ˜cp)ψ˜cp
+|Dcpµ Σ|2 − V (Σ)− ycpψ¯cpΣψ˜cp + h.c. , (6)
with Dcp the covariant derivative with respect to Acp. Again a sum over the composite groups
is understood, with gcp the composite coupling involved in D
cp and ycp the Yukawa coupling
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between the resonances. A sum over flavour is also understood, Acp = Gcp, Lcp, Rcp, Xcp,
with a full composite multiplet associated to each elementary multiplet. 6 The masses of
the composite resonances, mAcp and mψcp , are generated by the strong dynamics leading to the
bound states, mAcp,ψcp ∼ TeV. We will give more details about the embedding of the fermionic
resonances under the composite symmetries and their relation with the elementary fermions in
the subsection 2.1.
We will assume that the elementary sector is linearly coupled with the resonances of the
composite sector
Lmix = m
2
Acp
2
(
−2 gel
gcp
AelµPAAcpµ +
g2el
g2cp
Ael 2µ
)
+ ψ¯elL∆ψPψψcpR + ¯˜ψelR∆ψ˜Pψ˜ψ˜cpL + h.c. , (7)
leading to mass mixings that preserve a set of massless fields that can be identified with the SM
fields. Since the multiplets of resonances can be in representations larger than the SM ones, we
have introduced projectors PA,ψ,ψ˜, that acting on each resonance project the components with
the same quantum numbers as the associated SM field, see section 2.1 for details.
The physical mass eigenstates arise after the diagonalization of the elementary/composite
mixing as well as the Higgs vev mixing. We will proceed in two steps, in the first step we will
diagonalize the elementary/composite mixings, obtaining a set of massless fermions and gauge
bosons that can be associated with the SM fields, and a set of massive fields at TeV scale. The
Higgs vev generates a mass for the massless W and Z, as well as for the massless fermions,
these masses are controlled by the mixings and the composite Yukawa couplings. The Higgs
vev also induces new mixings between the would be massless states and the resonances. Thus
in a second step we will diagonalize the Higgs vev mixings obtaining the mass eigenstates. The
large Yukawa coupling of the top requires a full numeric diagonalization of the fermionic mixing.
Therefore we will perform a full numeric diagonalization of all the bosonic and fermionic mixings
at tree level.
The diagonalization of the elementary/composite mixing can be performed by the following
rotation: [
φ
φ∗
]
=
[
cos θφ sin θφ
− sin θφ cos θφ
] [
φel
Pφφcp
]
, φ = A,ψL, ψ˜R , (8)
tan θA =
gel
gcp
, tan θψ =
∆ψ
mψcp
, tan θψ˜ =
∆ψ˜
mψ˜cp
. (9)
Before EWSB the fields Aµ, ψL and ψ˜R are massless. Note that the fields P˜φφcp ≡ (1−Pφ)φcp
do not mix with φ before EWSB, these fields are usually called custodians. Defining:
mφcp ≡Mφ cos θφ , (10)
the masses of φ∗ and P˜φφcp are given by:
Mφ∗ =Mφ , MP˜φφ =Mφ cos θφ , (11)
6As we will show, in some cases we will associate two composite fermions to each elementary fermion to
obtain the correct phenomenology.
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therefore, the mass of the custodians is suppressed, compared with the mass of the φ∗ reso-
nances, by a factor cos θφ.
If the elementary/composite mixing is small, the dominant component of the massless states
will be elementary, as for the gauge bosons and part of the light fermions. However, as we will
show later, for some chiralities of the light fermions as well as for the third generation we will
require sizable mixings. As a consequence, after the elementary/composite diagonalization, the
dominant component of the corresponding massless states will be partially composite in this
case.
After the diagonalization of the elementary/composite mixing, the gauge couplings of the
SU(3)c×SU(2)L×U(1)Y local symmetry preserved by (7) are given by:
g =
gelgcp√
g2el + g
2
cp
, (12)
where we have omitted a group index for notation simplicity.
Since we are interested in the effects of the composite sector in the tt¯ production at Tevatron
and in the bb¯ production at LEP and SLC, we will consider in some detail the interaction
between the massless fermions and the vector resonances, that play an important role in our
analysis. After the rotation (8), we obtain the following interaction [16]
Lint ⊃ gA fAψ ψ¯L 6A∗ψL + {L↔ R,ψ ↔ ψ˜} , (13)
with
fAψ = − cos2 θψ tan θA + sin2 θψ cot θA , (14)
where A∗ stands for any of the resonances arising from the mixing with the elementary gauge
fields (G∗, L∗, B∗), and fAψ controls the strength of this interaction in units of the gauge cou-
pling. The range of values for fAψ is bounded by − tan θA and cot θA, depending on the
composition of the chiral fermion ψ. Since we are interested in the limit gel ≪ gcp, for ψ
(almost) elementary this coupling is small and negative fAψ ∼ − tan θA, and at leading order
it is independent of θψ, leading to universal couplings for almost elementary fermions. For
ψ partially composite fAψ is large and positive, fAψ ∼ sin θ2ψ cot θA, and it is sensitive to θψ,
leading to differences O(1) for fermions with different θψ, as shown in Fig. 1. The interactions
between the massless fermions and P˜AAcp can be obtained from Eq. (13) by taking the limit
tan θA → 0. Since gA cot θA → gAcp, the interaction strength is controlled by sin θψ and the
composite coupling in this case.
For simplicity we will consider that the composite sector is characterized by a single mass
scale Mφ =M and a single coupling ratio tan θA = tan θ for all the gauge groups, with Mφ and
tan θA defined in Eqs. (9) and (10). For this reason we will trade
Mφ → M , θA → θ , fAψ → fψ , (15)
since their values will not depend on the suppressed indices. For numerical computations we
will take tan θ = 1/8. Note that the fermionic mixings are not fixed, we will choose them as
shown in the next sections.
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Figure 1: Coupling factor fAψ defined in Eq. (14) for tan θA = 1/8.
2.1 Fermion embedding
To obtain a large top quark AFB, a sizable interaction between the light fermions and the
composite sector is needed, requiring a large degree of compositeness for some of the light
quarks also, see Eq. (13). Refs. [24, 25] made a phenomenological analysis of the possible
interactions leading to the experimental results of tt¯ production at Tevatron. The authors of
Ref. [24] found that the interactions with a ∼ 2 TeV gluon resonance give the best agreement
with the experimental data, provided that the coupling is axial to maximize the top AFB and
minimize the contribution to σtt¯. The main new contribution to tt¯ production in the present
model is mediated by G∗, however, it is not possible to obtain a large O(1) axial coupling for
the fermions in this model. This can be seen in Eq. (13) and Fig. 1. To obtain an (almost) axial
coupling we have to impose fψL ≃ −fψR , but since tan θ ≪ 1, when we impose fψL = −fψR ,
the axial coupling can be at most (fψL − fψR)/2 = −fψR = tan θA ∼ O(10−1). This coupling
is too small to obtain a top AFB according to the Tevatron measurement. Therefore the only
possibility to increase the top AFB is to consider a large fψ for one of the chiralities of the light
quarks, inducing a large chiral coupling for this fermion. After EWSB large mixings generically
induce important deviations in Zqq¯ and Wqq¯′, but these couplings are in agreement with the
SM predictions to per mil level. Therefore we will show in this section how, by properly choosing
the embedding of the fermionic resonances and the mixings, one can minimize those corrections.
Let us consider the first generation. In order to protect the Zqq¯ couplings for the first
generation, we can invoke the discrete PLR and PC symmetries defined in Ref. [20], however it
is neither possible to protect all the chiral couplings of the light fermions by this mechanism,
nor the WqLq¯
′
L couplings. Since it is possible to protect the qR coupling, the minimal scenario
we have found is to allow only qR to be partially composite, leading to fuR ∼ fdR ∼ O(1).
Therefore, although we will consider large mixings for these fermions, the PC symmetry will
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protect ZqRq¯R at leading order. We will choose qL almost elementary in order to obtain the
small masses of the u and d quarks. The PC symmetry dictates the following [SU(2)L×SU(2)R]cp
charges for the composite fermions mixing with qR:
T 3L(Pq˜R q˜R) = T 3R(Pq˜R q˜R) = 0 , q˜ = u˜, d˜. (16)
Since Q = T 3L + T 3R + TX , this leads us to the following embeddings for the u˜cp and d˜cp
fermions under [SU(2)L×SU(2)R×U(1)X ]cp:
u˜cp = (1, 1)2/3 , d˜
cp = (1, 1)−1/3 , (17)
that protects ZuRu¯R and ZdRd¯R at leading order. It is also possible to choose larger represen-
tations, like a 3 of SU(2)cpR . The embedding of q
cp is determined by the Yukawa term. Since
the Higgs is a singlet of U(1)X , we have to consider two composite fermions q
1cp and q2cp to
generate the u- and d-quark masses if we want to preserve the composite symmetry:
Lcp ⊃ −yucp q¯1cp Σ u˜cp − ydcp q¯2cp Σ d˜cp + h.c. , (18)
with
q1cp = (2, 2)2/3 , q
2cp = (2, 2)−1/3 . (19)
Since we have introduced two composite fermions q1,2cp to generate the Yukawa couplings of
the first generation, we will consider two elementary doublets q1el and q2el associated to them,
transforming as 21/6 under [SU(2)L×U(1)Y ]el. The mixing Lagrangian will therefore include
the following term [15]:
Lmix ⊃ q¯1elL ∆1PqLq1cpR + q¯2elL ∆2PqLq2cpR + h.c. , (20)
leading to two mixing angles θq1 and θq2 for the Left doublet of the first generation. To get read
of the extra elementary Left-handed doublet we will also introduce a Right-handed elementary
doublet and an elementary mass term
Lel ⊃ mel q¯elR (q1elL cos γ − q2elL sin γ) + h.c. . (21)
with mel of the order of the elementary UV cut-off, much larger than the composite scale M .
In this way there is a very heavy Dirac elementary fermion that decouples from the low energy
dynamics. Since the elementary doublet qelL = (q
1el
L sin γ + q
2el
L cos γ) remains massless up to
small mixings with the composite sector, the SM quark doublet will be mostly given by qelL .
Up to mixings with the heavy resonances by Higgs vev insertions, for sin θq1,q2 ≪ 1, the u-
and d-quark masses are approximately given by:
mu ≃
yucpv
2
sin θu˜ sin θq1 sin γ , md ≃
ydcpv
2
sin θd˜ sin θq2 cos γ . (22)
The masses mu,d can be obtained by choosing sin θq1,q2 small, suppressing simultaneously the
corrections to ZuLu¯L, ZdLd¯L and WuLd¯L. In the limit of small sin θq1,q2, fqL becomes universal
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for the light generations, fuL ∼ fdL ∼ − tan θ ∼ O(10−1), resulting in universal corrections for
ZqLq¯L and WuLd¯L.
As previously noted in Ref [21], due to the breaking of the SU(2)cpR symmetry by Lmix, there
is an irreducible correction to ZuRu¯R and ZdRd¯R. Expanding at leading order in Higgs vev
insertions, the correction to Zψψ¯ is given by
δgψ ≃ g
cw
v2
4M2
[
sin2 θψ(g
L 2
cp T
3L − gR 2cp T 3R)− (1 + sin2 θψ − sin2 θ)(g2 T 3L − g′ 2 Y )
]
+ . . .
(23)
Given that the first term is proportional to g2cp and the second term to g
2, from Eqs. (9) and (12)
one can see that the first term is enhanced by a factor 1/ sin2 θ compared with the second one.
The leading term cancels if either the PLR or the PC symmetry is realized, but the second term
does not cancel in general and is maximized for large sin θψ and small M . For M ∼ 2− 3 TeV
and tan θ ∼ 1/8, the irreducible correction is O(10−3). As a consequence the corrections for uR
and dR are not universal.
Let us consider now the second generation of quarks. It is not necessary to consider large
mixings with the composite sector for c and s to increase the top AFB, since the c- and s-content
of the proton is small. However, although we are not making a full theory of flavour in this
work (we are considering diagonal Yukawa couplings in generation space), we will consider that
the fermionic resonances of the second generation have the same transformation properties as
those of the first generation, Eqs. (17) and (19). In a flavour theory the different composition
of the chiral quarks of the first and second generation can induce dangerous FCNC mediated,
for example, by G∗ and Z∗ [22]. These effects can be minimized if the degree of compositeness
of cR and sR is similar to that of uR and dR, i.e.: sin θc˜ ≃ sin θu˜ and sin θs˜ ≃ sin θd˜. Since
sin θu˜ and sin θd˜ are rather large in this model, implementing for the second generation the
embeddings (17) and (19), ZcRc¯R and ZsRs¯R are also protected at leading order. The proper
mc and ms can be obtained by considering small sin θq1,q2 for the second generation, but larger
than sin θq1,q2 for the first generation. As explained below Eq. (14), this choice of mixings
leads to universal corrections for cL and sL couplings as well (we have also verified this result
numerically, after the full diagonalization). Therefore, if the Yukawa matrix is not diagonal,
the FCNC effects induced by vector resonance exchange are minimized with these assignments.
Finally, we consider the third generation taking into account that we want to tackle also the
bottom AFB anomaly. The combination of the experimental results for bottom AFB and Rb
require a large shift in the ZbRb¯R coupling and a small shift in the ZbLb¯L coupling. Following
Ref. [15], we will choose an embedding for the third generation that can address this problem
at tree level, under [SU(2)L×SU(2)R×U(1)X ]cp:
q1cp = (2, 2)2/3 , t˜
cp = (1, 1)2/3 , q
2cp = (2, 4)−4/3 , b˜
cp = (1, 3)−4/3 . (24)
Similar to the light generations, we introduced three elementary doublets as in Eqs. (20)
and (21), obtaining one massless doublet qL that mixes with q
1cp and q2cp. For details on
how this embedding solves the bottom puzzle see Ref. [15], for other possible embeddings see
Refs. [23, 15].
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For the third generation we have to consider that both chiralities are partially composite in
order to obtain the top mass and solve the bottom AFB anomaly. This means that the chiral
couplings ftL and ftR are at least ∼ O(1) with an upper bound given by cot θ.
2.2 5D Model
The two sector model presented in the previous sections can be thought as an effective low
energy description of a theory in a slice of AdS5 [16]. The elementary fields correspond to
the degrees of freedom localized in the UV-boundary, and the composite fields correspond
to the first level of Kaluza-Klein (KK) states from the bulk. Therefore, the 5D fields with
Neumann boundary conditions (+) in the UV are associated with the SM fields (excepting the
Higgs), whereas the other 5D fields have Dirichlet boundary conditions (-) in the UV, since
they are not associated with dynamical elementary fields. Let us consider first the bosonic
sector, there is a SU(3)c×SU(2)L×SU(2)R×U(1)X bulk gauge symmetry, broken down to the
SM gauge symmetry by boundary conditions in the UV. In this way the bulk (UV) gauge
symmetry determines the set of global (local) symmetries of the composite (elementary) sector.
Concerning the fermionic sector, there is a set of 5D fermions {q1, q2, u, d} for each generation,
transforming under the 5D gauge symmetry in the same way as {q1cp, q2cp, ucp, dcp} transform
under the global composite symmetry. The UV-boundary conditions of the 5D fermions are (+)
for those components reproducing the charges and chiralities of the SM fermions, and the IR-
boundary conditions are chosen to obtain an appropriate set of chiral zero modes before EWSB,
preserving the 5D gauge symmetry. For each generation, there are two 5D fermionic multiplets,
q1 and q2, leading to two dynamical Left-handed quark doublets in the UV-boundary. To get rid
of the extra doublet we introduce a Right-handed quark doublet localized in the UV-boundary,
marrying with a linear combination of the Left-handed doublets through a mass term of the
order of the UV-scale [26]. The localization of the fermionic massless modes is controlled by the
5D fermionic masses, with changes O(1) in the 5D masses resulting in exponential changes of
their wave functions. This mechanism gives the usual AdS5 solution of the fermionic hierarchy
and a GIM-like mechanism. This is the way to generate the hierarchical elementary/composite
mixings between the fermionic states in the 4D effective theory.
The rotations we have performed in the two site model allowed us to obtain the physical
mass eigenstates. In the 5D theory the physical mass eigenstates are obtained by performing a
KK decomposition. Before EWSB the massless fields arise from 5D fields with (++) boundary
conditions, whereas the fields with different boundary conditions do not lead to massless zero-
modes, the custodians arising from (-+) fields. In the physical basis, the couplings between
the SM-quarks and the vector resonances depend on the 5D fermionic masses [27], leading to
the behavior illustrated in Fig. 1, up to corrections that can be systematically improved by
introducing heavier resonances.
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3 Parton-level analysis of Tevatron observables
We perform in this section a qualitative analysis, at the parton-level, of the forward-backward
asymmetry and the cross section of tt¯ pair creation at Tevatron, using the effective composite
model described in the previous section.
The main NP contribution in Tevatron tt¯ production comes from a gluon resonance G∗-
exchange in the s-channel of the qq¯ → tt¯ process. Other contributions, as for instance contribu-
tions from exchange of bosonic EW resonances Z∗ and W ∗, are found to be subleading correc-
tions compared with G∗-exchange. Henceforth, in order to obtain a qualitative understanding
of the asymmetry and the cross section at Tevatron, we study the s-dependent tree-level parton
formulae in the center of mass frame of the tt¯ system. Afterwards, we include in the analysis
the SM-NLO result that gives a non-vanishing contribution to the SM expected value of App¯FB.
The differential angular cross section in the center of mass frame of the tt¯ system, at the
parton level, may be written as
dσ
d cos θ˜
= ASM +AINT +ANPS (25)
where INT and NPS stand for SM-NP interference and new physics squared, respectively. At
tree level, including only LO QCD and the gluon resonance contributions, the three different
terms read
ASM = piβα
2
s
9s
(
2− β2 +
(
β cos θ˜
)2)
, (26)
AINT = piβα
2
s
18s
s (s−M2)
(s−M2)2 + ( s
M
)2Γ2G∗(s)
(fqL + fqR) (ftL + ftR)
×
{(
2− β2)+ 2(fqL − fqR) (ftL − ftR)
(fqL + fqR) (ftL + ftR)
β cos θ˜ +
(
β cos θ˜
)2}
, (27)
ANPS = piβα
2
s
36s
s2
(s−M2)2 + ( s
M
)2Γ2G∗(s)
(
f 2qL + f
2
qR
) (
f 2tL + f
2
tR
)
×
{
1 +
2ftLftR
f 2tL + f
2
tR
(
1− β2)+ 2
(
f 2qL − f 2qR
) (
f 2tL − f 2tR
)
(
f 2qL + f
2
qR
) (
f 2tL + f
2
tR
)β cos θ˜ + (β cos θ˜)2
}
. (28)
The SM contribution corresponds to the s-channel gluon exchange diagram and the NPS ampli-
tude is obtained by replacing the gluon by G∗ in that diagram. The angle θ˜ (not to be confused
with the mixing angle θ) is defined by the directions of motion of the top quark and the incom-
ing light quark (up quark, for instance) in the center of mass frame of the top pair system. The
coefficient fqL(R) denotes the coupling between a Left-handed (Right-handed) quark of the light
generations and G∗ in units of gs, whereas ftL(R) is an analogous notation for the top couplings,
as defined in Eqs. (13) and (14). Finally, M represents the mass of G∗,
√
s is the energy in the
center of mass frame of the tt¯ system and β =
√
1− 4m2t/s is the velocity of the top in that
frame. Since the narrow-width approximation is no longer valid for large couplings, the use
11
of a running-width Breit-Wigner function is needed for the G∗ propagator, therefore we have
introduced an energy dependent G∗ width (ΓG∗(s)) in Eqs. (27,28).
Defining the forward and backward cross sections as
σF ≡
∫ 1
0
dσ
d cos θ˜
d cos θ˜ , σB ≡
∫ 0
−1
dσ
d cos θ˜
d cos θ˜ , (29)
Att¯FB is given by
Att¯FB =
σF − σB
σF + σB
. (30)
Note that only the constant and the cos2 θ˜ terms contribute to σtt¯, whereas only the cos θ˜ term
contributes to the numerator of At¯tFB.
If the NP contribution to the total cross section is small, σSM ≫ σNP (where σNP contains
both INT and NPS contributions), we can approximate At¯tFB by
At¯tFB ≈ Att¯(SM)FB + At¯t(NP )FB , (31)
where, in the numerator of A
tt¯(NP )
FB we include INT+NPS terms given at tree level by Eqs. (27)
and (28), whereas in the denominator we only take into account the SM term given at tree
level by Eq. (26). We will take the SM-NLO result for A
tt¯(SM)
FB . We have checked that the
condition σSM ≫ σNP is satisfied even in the case of dealing with large couplings since a
partial cancellation takes place when adding Eqs. (27) and (28).
In the laboratory system (pp¯ system) an analogous result holds. Although in the next section
we present and compare our results in the pp¯ system –since it is where the larger discrepancy
lies–, it is more instructive to make the analytic discussion in the tt¯ system. The relation
between the results in both systems is only a dilution factor that comes from the boosted
events that in the pp¯ system have both t and t¯ going in the same direction.
Regarding Eqs. (26), (27) and (28), one realizes that the NP contributions to At¯tFB and
σtt¯ depend on the chiral couplings of the proton valence quarks fqL,R and the couplings of the
top-quark ftL,R with the gluon resonance, and on the NP scale M . Notice that the couplings
of the other quarks modify the width ΓG∗ , but this effect is subleading in the running width
approximation, although we will take it into account in our full simulations. Henceforth we
will analyze which are the couplings that better explain the experimental data of Tevatron,
giving a positive A
tt¯(NP )
FB and small contributions to σtt¯. A
tt¯
FB and σtt¯ receive contributions from
the interference between the SM and NP (INT) and direct contributions from NP terms only
(NPS). At tree level, using Eqs. (26,27,28), the ratio between these contributions are:
A
tt¯(INT )
FB
A
tt¯(NPS)
FB
= 2
s−M2
s
1
(fqL + fqR)(ftL + ftR)
, (32)
σ
(INT )
tt¯
σ
(NPS)
tt¯
≈ 2s−M
2
s
(fqL + fqR)(ftL + ftR)
(f 2qL + f
2
qR
)(f 2tL + f
2
tR
)
. (33)
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Where for the sake of simplicity we have considered an approximation in the second line, valid
as far as 1
3
. | ftL
ftR
| . 3.
At this point, to perform an adequate analysis of which is the region of the parameter space
that better reproduces the Tevatron results, we have to take into account an important feature
of these models: as explained in Sec. 2, the chiral couplings between quarks and bosonic vector
resonances are disfavoured to be negative and only small negative couplings are allowed, 7 of
order O(10−1) for tan θ = 1/8. As we will show, this feature of the model makes harder to
reproduce the experimental data. In particular, note that this constraint implies that it is
not possible to obtain sizable axial combinations and small vectorial ones, since approximately
null vectorial combinations would imply approximately null axial combinations too. For more
details see Sec. 2.
From the previous paragraph and Eqs. (32) and (33), we obtain an important feature of this
kind of composite models: for typical values
√
s ∼ 500 GeV andM > 1.5 TeV, interference and
direct terms always contribute destructively for Att¯FB as well as for σtt¯. A second observation is
that for not too large masses, say M ∼ 1.5− 2 TeV, it is possible to obtain NPS contributions
larger than INT contributions for couplings fψ & 5. Moreover, from the constraint mentioned
above and Eqs. (26-28), we obtain that σ
(INT )
tt¯ is always negative, whereas σ
(NPS)
tt¯ is positive
(we are considering M of order TeV and sizable fqR). Therefore we expect the cross section to
decrease for not too large couplings, and eventually to increase if the couplings become large
enough for fixed M . However, as we will show, in this case the invariant mass distribution
of the tt¯ system, dσtt¯/dMtt¯, receives too large modifications, being in disagreement with the
Tevatron results.
The sign of A
t¯t(INT )
FB depends on the sign of the product of the axial couplings (fqL−fqR)(ftL−
ftR). Therefore, for regions of parameter space where the interference term dominates (not too
large couplings and/or large masses) only axial combinations with different signs will increase
Att¯FB. Whereas for regions where the direct term dominates, axial combinations with the same
sign will produce that effect.
As a last observation, we emphasize that the easiest way of getting a positive contribution
for the asymmetry and a null contribution for the cross section is to assume only interference
contribution and ask different sign –and relatively large– axial couplings and a null vectorial
coupling. However, due to the constraint explained above, this is not possible in this class of
models. 8
7Note that, given the global symmetries of the composite sector, this feature arises as a consequence of linear
mixings and gcp ≫ gel.
8However, with slight modifications it is possible to obtain sensible chiral couplings with different signs,
leading to almost axial couplings [28].
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4 Results
The parton-level analysis of the previous section has led us to a qualitative understanding of
the underlying physics. However, in order to compare with the experimental results we have
to include effects of the convolution of the parton cross section with the parton distribution
functions. We show in this section the results that we obtain by performing simulations with
MGME [29]. We have performed our simulations taking tt¯ as the final state.
Given the discussions of the previous section, it would be straightforward to choose some
regions in the parameter space to make Monte-Carlo simulations of Tevatron pp¯→ tt¯ collisions,
seeking for a positive contribution to At¯tFB and a small contribution to σtt¯, and keeping the
invariant mass distribution within the allowed limits. However, the goal of this work is to include
not only these Tevatron observables, but also to solve the bottom puzzle, to obtain the correct
SM spectrum and to keep δgq small to avoid conflict with the EW precision measurements. To
select the favorable regions of the parameter space, we have proceeded in the following way: in
a first step, we have generated randomly a set of points in the parameter space with composite
Yukawa couplings 0.3 . ycp . 2pi. We have performed a full numeric diagonalization of all the
mixings, and selected the points that naturally reproduce the SM spectrum with sizable fqR and
solve the bottom AFB anomaly while keeping Rb within the observed value. The last constraints
have been implemented by choosing the configurations that produce the following shifts in the
Zbb¯ couplings: δgbL ≃ 0.001− 0.004 and δgbR ≃ 0.01− 0.02, that arise from the embedding of
the third generation and the proper mixings (see Ref. [15] for more details). We have chosen
0.25 < sin θu˜,d˜ < 1 and 0.25 < sin θc˜,s˜ < 1, whereas for the third generation 0.18 < sin θt˜ < 1,
0.4 < sin θb˜ < 0.7, 0.35 < sin θq1 < 1 and 0.15 < sin θq2 < 0.4. We have checked that for the first
and second generations δgqL . 3 × 10−4 and δgqR . 3 × 10−3 for all the points. As explained
in Sec. 2, to minimize FCNC effects, we have chosen the same mixing angles for the partially
composite Right-handed quarks of the first and second generation. The random algorithm and
the conditions previously explained has led to fqL ∼ −1/8, 0.4 . fqR . 8, 0.3 . ftL,R . 8,
combined in all the possible ways.
Motivated by the analysis of the previous section, we have considered two casesM = 2.7 TeV
and M = 2 TeV, the heavier mass being preferred by the EW precision tests, and the lighter
one to look for solutions with a positive contribution to σtt¯. Following the algorithm described
in the previous paragraph, we have generated two different sets of points in the parameter
space, one for each case. We have done Monte-Carlo simulations of Tevatron pp¯→ tt¯ collisions
using MGME with CTEQ6L parton distribution functions [30] for those points. We have slightly
modified MGME to include the running width approximation in the propagation of the gluon
resonance, since its width varies in the range 0.1 . ΓG∗/M . 1 for large couplings. We have
varied the factorization scale to test the stability of our results. We have found that normalizing
the total cross section with respect to the results of the simulations within the SM (σSMtt¯ ), one
obtains a ratio that is independent, within the statistical fluctuations of the simulations, of the
factorization and renormalization scales. For this reason we will perform our analysis in terms
of the normalized cross section σtt¯/σ
SM
tt¯ , where σ
SM
tt¯ is the SM prediction at the same scale
as σtt¯. We have also checked the stability of the other observables under mild changes of the
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scales, we obtain that the corrections to the NP contributions are smaller than ∼ 6%.
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Figure 2: (a) σtt¯/σ
SM
tt¯ versus A
pp¯
FB, including a gluon resonance with M = 2.7 TeV. The
blue points reproduce the SM spectrum and solve the bottom AFB anomaly, the brown points,
besides those constraints, agree with the CDFMtt¯-distribution [17] at 95% level, the red points,
besides the constraints of the brown points, also satisfy App¯FB > 0.077 and δg
q < 1.5 × 10−3.
The region between the dashed lines corresponds to a 1σ uncertainty in the asymmetry, and
the cross indicates the SM prediction App¯FB = 0.051 and the normalized cross section equal to
1. (b) Idem for M = 2 TeV. (The normalizing magnitude σSMtt¯ is the result of a SM simulation
with the same top mass and renormalization and factorization scales as σtt¯.)
Let us consider first the case of M = 2.7 TeV. As previously explained, for such NP scale,
a positive App¯FB can only be generated if ftL > ftR , if we want to consider fψ . 8. This roughly
means that sin θq1 & sin θt˜ for the third generation, for this reason we only present the results
for sin θq1 & sin θt˜ − 0.1, as can be checked in Fig. 3b. Fig. 2a summarizes the most important
results for our composite model with M = 2.7 TeV. There we show the predictions for σtt¯ and
App¯FB, with the cross section normalized to the SM one, as previously discussed. The blue points
satisfy the mass spectrum, the bottom forward-backward asymmetry constraint and the ratio
Rb, as explained in the previous paragraphs, but disagree with the Tevatron Mtt¯ distribution.
The brown points, besides fulfilling those conditions, agree with the invariant mass distribution
measured by CDF [17] at a 95% confidence level, where we have compared the measured and
simulated invariant mass histograms by mean of χ2 tests and examined their significances
according to the corresponding p-values. 9 The red points, besides all the constraints of the
brown points, also satisfy that App¯FB > 0.077 and δg
q < 1.5× 10−3. One can see that, departing
from the SM result with App¯FB = 0.051 and normalized cross section equal to 1 (the crosses in
Fig. 2), App¯FB increases as σtt¯ decreases, as seen in the brown and red points. As the couplings
become larger, the NPS term becomes important and the asymmetry decreases, the cross section
increases and the invariant mass-distribution cannot be held within the allowed limits any more,
this is the case of most of the blue points. The largest contribution to App¯FB for the red points is
A
pp¯(NP )
FB = 0.053, similar to the SM-NLO contribution, in this case σtt¯ decreases 15% compared
with the SM simulation. We have checked that including the points with sin θq1 . sin θt˜ gives a
9We have discarded the Mtt¯ < 350 GeV bin in order to reduce the high impact of the top mass.
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result similar to that of Fig. 2a, changing A
pp¯(NP )
FB by −App¯(NP )FB , as expected. This is similar to a
reflection along a line with constant asymmetry App¯FB = A
pp¯(SM)
FB ≃ 0.051. We have not included
those points in Fig. 2a to present a cleaner plot, and because the Tevatron measurements
prefer A
pp¯(NP )
FB > 0. Although some of those points can produce a large positive A
pp¯
FB, their Mtt¯
distribution disagrees with the experimental one because the couplings involved are too large.
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Figure 3: The same points as in Fig. 2a plotted in the fuR/ftL plane (a) and in the ftL/ftR
plane (b) for M = 2.7 TeV. In this case the points have been chosen to satisfy ftL & ftR , as it
can be seen in figure (b). Figs. (c) and (d) correspond to the same points as in Fig. 2b, with
M = 2 TeV, but in this case there has been no preference in the sign of ftL − ftR .
In Figs. 3a and 3b we show the same set of points in the fqR/ftL and ftL/ftR planes, respec-
tively. Fig. 3a shows that the invariant mass-distribution constrains fuR . 3− 5, depending on
the top couplings. To obtain the correct top mass, both tL and tR must be at least partially
16
composite, as a consequence, the top couplings ftR and ftL prefer values & O(1) as can be seen
in Fig. 3b. As argued in Sec. 3, since fqR − fqL > 0, the points with larger positive asymmetry,
that correspond to the red ones, prefer large and positive ftL − ftR .
In Figs. 2b, 3c and 3d we show our results for M = 2 TeV, using the same color code as for
M = 2.7 TeV. Fig. 2b summarizes, in a σtt¯ vs. A
pp¯
FB plot, the most important results for our
composite model with M = 2 TeV. The first thing we note is that Fig. 2b presents a similar
pattern to the case M = 2.7 TeV, shown in Fig. 2a, with some important differences. In the
present case the plot is approximately symmetric under a reflection along the axis App¯FB ≃ 0.051,
which is the SM result. The reason for this is just because, in contrast to the previous case, here
we have not constraint sin θq1 > sin θt˜, allowing all the possible combinations compatible with
the constraints. This in fact can be seen not only in this figure, but also in comparing Fig. 3b
with Fig. 3d, in the latter the sign of ftL − ftR has no preference. Concerning the σtt¯/App¯FB
plane, another important difference is that for lower M , it is possible to obtain larger A
pp¯(NP )
FB
and a positive shift for σtt¯. The reason is the following, for large enough couplings the NPS
term dominates over the INT term, for smallerM this transition occurs with smaller couplings.
Since in both cases, M = 2.7 TeV and M = 2 TeV, we are considering fψ ≤ 8, for smaller
M there are more points NPS dominated that give rise to larger A
pp¯(NP )
FB and in some cases a
positive shift in σtt¯. Notice in Fig. 2b that there are blue points which reproduce the Tevatron
results for σtt¯ and A
pp¯
FB within less than one standard deviation, however the Mtt¯ distribution
is several orders of magnitude away from the allowed limits, since these points come from the
NPS-domination regime. Also note that again the red points correspond to the region of the
parameter space where the interference term dominates and the axial combination of couplings
of the light and third generations have different sign, as can be seen in Figs. 3c and 3d. By
comparing Fig. 3c with Fig. 3a, it can be seen that the invariant mass cut allows larger fuR for
M = 2.7 TeV.
Given the relatively large couplings of the gluon resonance to the light and top quarks
found in our best scenarios (red points in Figs. 2 and 3), it is convenient to verify if there is any
imposition from the unitary constraints on the partial waves decomposition of the amplitudes
that contribute to the qq¯ → tt¯ process. We have computed the partial wave amplitudes Legendre
coefficients and found that they are below unity for the whole range of s studied in this article
in all cases.
We finish this section with two observations. First, notice that both cases have a similar
region in parameter space (red points in the figures) which can increase App¯FB according to Teva-
tron results, but in both cases a lower σtt¯ is obtained after demanding a good Mtt¯ distribution.
Second, note that the qualitative understanding of the tt¯ production gained in the previous
section, which relies in center of mass parton tt¯-production formulae, is in good agreement with
the quantitative results obtained in the simulations.
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5 Discussions
In this section we discuss some goals and limitations of our model and compare our results with
other similar approaches already considered in the literature.
As shown in Secs. 3 and 4, the new physics contribution to App¯FB (σtt¯) is maximized (mini-
mized) for axial G∗qq¯ and G∗tt¯ couplings. However, we showed in Sec. 2 that it is not possible
to obtain large axial couplings in the simplest realization of composite Higgs models, leading to
a moderate positive contribution to A
pp¯(NP )
FB of order few percent and a decrease of σtt¯ of order
∼ (5 − 30)% with respect to the value of the simulation within the SM, for new physics scale
M ∼ 2 − 3 TeV. The maximum value that we have found for App¯FB, compatible with all the
other constraints, is App¯FB ≃ 0.103, where we have taken into account a NLO SM contribution
A
pp¯(SM)
FB = 0.051. In this case σtt¯ decreases approximately 15%. There is a region of the pa-
rameter space with positive contributions to σtt¯ and A
pp¯
FB, but it requires very large couplings
giving a wrongMtt¯ distribution and in some cases being near the regime where the perturbative
approach is no longer valid.
There are several constraints that reduce the region of the parameter space available to ex-
plain the Tevatron results, we remark the most important ones. The heavy top mass introduces
difficulties when trying to reproduce the Tevatron tt¯ results, since mt is large enough only if
both top chiralities are at least partially composite, decreasing the axial combination of cou-
plings (ftL − ftR), Eq. (14). Although we have protected the EW couplings of the light quarks,
the partial compositeness of qR leading to large couplings with G
∗ are in conflict with the EW
precision observables, rejecting 60% (70%) of the parameter space for M = 2.7 TeV (2 TeV)
when we demand the Zqq¯ couplings to satisfy δgq < 0.0015. Therefore, there is a tension when
we try to reproduce the Tevatron results as well as the other observables already mentioned.
However, the most important difficulty arises not from this tension, but, as mentioned in the
previous paragraph, from the fact that a sizable positive A
pp¯(NP )
FB gives rise to a decrease of σtt¯
in the simple model that we have considered. This feature is independent of the constraints
imposed by the other observables.
Some important predictions of our model that could be tested at Tevatron are the negative
contribution to σtt¯ as well as a moderate contribution to the top AFB, not larger than ∼ 5%.
The confirmation by Tevatron of NP contribution to top AFB larger than ∼ 5%, would require
extra sources for the asymmetry in composite Higgs models, like flavour violating processes
or addition of particles and structure. The model also gives interesting signals for LHC, like
the existence of light fermionic resonances [15] with exotic charges that could be single or pair
produced [31, 32, 33].
As shown in Sec. 2, our model can be considered as an effective description of a theory in
a slice of AdS5. Ref. [34] presented an AdS5 model similar to the model presented here, but
with several important differences, both, in the model and in the analysis of the observables.
Concerning the model, Ref. [34] considered qL partially composite and uR and dR mostly el-
ementary, and a different embedding for the light quarks under SU(2)R. The embedding of
the quarks of the third generation under the extended EW symmetry is also different, since
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the authors implemented a different solution for the bottom puzzle. As a consequence, the
parameter space able to solve the bottom AFB anomaly is not the same, affecting the couplings
between the quarks and G∗ that determine the leading new physics contribution to tt¯ produc-
tion. Concerning the predictions for the observables involved in the tt¯ production at Tevatron,
Ref. [34] has previously noted that the new physics contribution to top AFB mediated by G
∗ can
reach ∼ 5%, and that there is a negative contribution to σtt¯ in the region of positive top AFB.
However, it obtains mt ≃ 100 GeV, whereas we have only considered regions of the parameter
space that properly reproduce the spectrum of quarks. It also claims that Zqq¯ can be arranged
in agreement with the EW precision measurements, despite qL being partially composite. How-
ever, partial composite qL in principle lead to large corrections of the EW precision observables
because it is not possible to protect simultaneously the uL- and dL-couplings by choosing the
SU(2)R charges.
A similar approach was considered in Ref. [35], making a careful matching of the effective
low energy theory and an elaborate treatment of the Wilson coefficients involved. It has also
considered the full flavour problem with anarchic Yukawa couplings, reproducing the quark
spectrum and mixings. However, it states that it is not possible to obtain positive sizable
top AFB, the reason is that the light quarks are almost elementary, resulting in too small and
almost vector-like couplings with the composite resonances. As we have shown, it is possible to
consider some of the light chiral quarks partially composite, reproducing the physical spectrum
and protecting at leading order the Zqq¯ couplings for the partially composite components.
However, we have not considered the full flavour approach that will introduce further constraints
in this case.
Refs. [24] and [36] considered the effects of new resonances, as well as the effects of the
leading dimension six operators in the tt¯ production. Ref. [37] studied an effective model with
an axigluon. The most important difference between these approaches and the present work
is that in our model the mixings that determine the size of the couplings with the composite
resonances simultaneously give rise to the fermionic spectrum, whereas Refs. [24, 36, 37] do not
attempt to solve the fermion hierarchy, neither the gauge one. It has been argue in Ref. [38] that
axigluons cannot solve the Tevatron the top AFB anomaly when constraints from Bd mixing
and fermion condensation are considered.
Let us comment some important issues that we have not tackled in this work. We have pro-
tected the Zqq¯ couplings of the partially composite light quarks, obtaining tree level irreducible
corrections of order O(10−3). Since the corrections to Zqq¯ are not universal, an analysis of the
corrections to the self energies of the EW gauge bosons might not be enough, and a global
analysis of the EW precision observables might be needed. We have also shown that it is pos-
sible to obtain the correct spectrum with diagonal Yukawa couplings but we have not made a
full flavour theory in our model. Although we have argue in Sec. 2 that it is possible to choose
an embedding and mixings that minimize the tree level flavour violation between the first and
second quark generations, a full theory with non diagonal Yukawa interactions, either anarchic
or adding structure, has to be considered in order to test the predictions for flavour physics,
mainly the constraints from flavour violation. Therefore, although there is a clear improvement
in the top AFB prediction compared with Ref. [35], and there is also an improvement in the EW
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precision observables compared with the scenario without custodial protection, those analysis
have to be done to ensure the viability of this model.
6 Conclusions
We have analyzed the capability of composite Higgs models to account for the measured tt¯
forward-backward asymmetry at Tevatron as well as the LEP and SLC bb¯ forward-backward
asymmetry. We have considered the main observables measured in the tt¯ production, namely
the forward-backward asymmetry, the cross section and the tt¯ invariant mass distribution.
Following Ref. [15], we have considered a model that can naturally solve the bottom AFB
anomaly measured at LEP and SLC, without modifications of Rb that shows an agreement
between the experiment and the SM prediction. Since one of the most attractive features of
composite models is the solution of the fermionic hierarchy, we have only analyzed configurations
that can naturally reproduce the SM-spectrum. Finally, although we have not performed an
EW precision analysis, we have invoked a discrete subgroup of the custodial symmetry to
protect the Z couplings of the partially composite light quarks, leading to δgq . O(10−3).
We have explored the parameter space of the model for a composite scale M = 2− 3 TeV,
performing a full diagonalization at tree level. For the tt¯ production at Tevatron, we have
included the contributions from a gluon resonance with non-universal chiral couplings, and
we have checked that the contributions from the EW vector resonances are subleading. We
have provided expressions that allow to make an analytical analysis of the cross section and
asymmetry, gaining qualitative insight in the behaviour of those observables. Guided by that
analysis, we have performed simulations of the tt¯ production with MGME to obtain the leading
corrections to σtt¯ and AFB at Tevatron. Figs. 2a and 2b summarize our results forM = 2.7 and
2 TeV, respectively. In both cases we have found regions in the parameter space that increase
AFB but decrease σtt¯ when compatibility with Mtt¯ distribution is required. In particular, the
expectation for AFB in the lab frame is increased from (A
pp¯
FB)
SM = 0.051 to (App¯FB)
Model ≈ 0.10,
which should be compared with the experimental result (App¯FB)
exp = 0.150± 0.050± 0.024. On
the other hand, the model predicts a decrease in the pp¯→ tt¯ cross section with respect to the
SM simulation of about 10% - 20% in this region of the parameter space. We have checked
that for this region of the parameter space, the SM spectrum is properly reproduced while
solving the bottom AFB anomaly, and that the corrections to Zqq¯ are non-universal and order
(0.1− 1)× 10−3 for the first and second generation. We have also verified that the partial wave
amplitudes unitary condition is not violated in this region of parameter space.
We have found that the decrease in the cross section for Tevatron energies is a general feature
of this kind of composite models. However, the reduction of the cross section is relatively smaller
for LHC, where gluon fusion dominates tt¯ production, since there is no interaction involving
two gluons and one gluon resonance.
The model here presented should be further studied and improved. In addition to the cor-
rections of the Z and W couplings here studied, a full analysis of the EW precision observables
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must be performed. Another important issue that must be considered is flavour mixing, since
we have only considered diagonal Yukawa couplings.
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